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STABILITY AND CONTROL CHARACTERISTICS OF A MONOPLANE
MISSILE WITH LARGE DELTA WINGS AND VARIOUS TAIL
CONTROLS AT MACH 1.90 TO 2.86

By Lloyd S. Jernell
Langley Research Center

SUMMARY

An investigation has been conducted to determine the aerodynamic character-
istics, including control effectiveness, of a monoplane delta wing missile model
with various tail-coutrol configurations at Mach numbers from 1.90 to 2.86.

The cruciform tail configuration exhibit. the greatest pitch-control effective-
ness ; however, relatively large nonlinear pitching moment characteristics are
experienced due to the effects of the wing wake. The cruciform tail controls
provide the greatest yaw-contrcl effectiveness. The three-~fin configuration
with the lower vertical tail shows a substantial increase in control effec-
tiveness as angle of attack is increased, whereas the configuration with the
upper vertical tail exhibits a srall decrease. With four fins deflected, the
cruciform tail produces approximately double the rolling-moment coefficient

of the three;fin configuration with only the horizontal fins deflected. Roll-
control effectiveness is essenv.ially invariant with engle of attack. For e
forward movement of the moment reference center of sbout one body diemeter,
all configurations would provide adequate directional stability, with the
magnitude of the directiona’® stability being greatest for the cruciform con-
figuration and least for the three-fin upper-vertical-tail configuration

INTRODUCTION

The National Aeronautics and Space Administration is currently conducting.
aerodynamic studies of various short-range ajir-to-air and ground-to-air type
missile configura%}ons in order to provide ah‘insight into the potential for
inproving performance and mapeuverability. The results af recent investiga~
tions of several cruciform-wing configurations at trensonic and supersonic
speeds are reported in references 1 to 4. An alternate concept to the
conventional cruciform arrangement would be the use of monoplanar wings with
the possibility of reducing drag and weight. However, some questions arise
such ag the effects on maneuverability since the monoplanar missile, in some



cases, must roll to aline the 1ift vector with the plane of anticipated flight
paths prior to performing a maneuver, whereas the cruciform missile is not
required to roll before changing flight planes. Another important aspect with
regard to maneuverability is that of control surface design. A restriction

on the geometry of air-to-air missiles is sometimes imposed by the storage
space on the carrying airpiane. The missile must be designed to fit within
these confines and also maintain sufficieni clearance of the airplane during
launch. These stowage and launch restrictions, however, generally afford
numerous options of wing and tail size and location.

In order to aid in the assessment of missile configurations, a study was
undertaken to determine the stability and coatrol characteristics of a mono-
planar-wing missile configuration incorporating several teil-control arrange-
ments. The investigation utilized the cruciform blunt—noée model of reference k&
vith one set of wing panels removed. Tail-control configurations investigated
were interdigitated-cruciform (4 panels inclined 45° to the horizontal and
vertical planes), a conventional airplane type (2 horizontal panels and an
upper vertical panel), and an inverted conventional type (2 horizontal panels
and a lower vertical panel). ta were obtained at Mach numbgrs from 1.90

to 2.86 and Reynolds numbers from about 3.3 x 106 to 6.6 x 10° per meter.

SYMBOLS

The longitudinal and lateral data are referred to the stability and
body-axes systems, respectively. The moment center is located st 60 percent
of the body .ength, measured from the apex of the previously investigated
conical nose (see fig. 1 and refé. 3 and b).

A maximum body cross-sectional area, 0.00L560 me
C - dreg coefficient. Dreg
D qA

) Lift
CL 1lift coefficient, _qA

_ Rolling moment

C’L rolling-moment, coefficient, aAd
Cm pitching-moment coefficient, PitCh;Ad moment



c - yowing-moment coefficient, J2¥idg moment

n » qu
Cy side-force coefficient, S:Ldeq:orce
.4 meximum body diameter, 7.620 cm
v Mach pumber
q d&nimic pressure
a angle of attack, deg
8y individual teil deflections to provide roll (negative deflection

for positive moment; all tails deflected on four-fin configurations,
only horizontal tails deflected on three-fin configurations), deg

\

) individual teil deflections ic provide pitch (negative deflection
' for positive moment, all tails deflected except those in vertical

.Pl%ﬂe)a deg,‘

Jr - I oA,

Y. S ;ind;!.dim&l ta;l deﬂections to provide yaw (negative deflection
‘ for positive moment, all tails deflected except those im horizomtal

‘plane), deg
1] model roll angle about body center line (see fig. 1)
APPARATUS
Model

Details of the model are shown in figure 1. The basic configuration
consisted ot = gpligiically-blunted ogive forebody, & cylindrical afterbody,
and monopﬁnér &lta-planrorm wings with modified hexagonal sections and
circular leading- and trailing-edge bluntness. The hypothetical wing planform
is shown by the dashed line in order to indicate the degree of edge bluntness.
The tail-control configurations tested were (1) a cruciform arrangement (four
fins) with fins in planes inclined 45° to the horizontal and vertical planes,




(2) an inverted three-fin arrangement (two horizontal fins and e lower vertical
#in), and (3) a conventional three-fin arrangement (two horigzontal fine and an
upper vertical fin). The tail edges were relatively sharp.

Wind Tunnel

The investigetion was conducted in the low-speed leg of the Laagley Unitary
Plan wind tunnel, vhich is a1 variable-pressure, continuous-flow facility. The
test section is approximately 1.22 meters square by 2.13 meters long. The
nog ‘le leading to the test section is of the asymmetric sliding-block type,

vhich parmits a continuous variation in Mach number from about 1.5 to 2.9.

MEASUREMERTS , CORRECTIONS, AND TEST CONDITIONS

Aerodynamic forces and moments were measured by means of a sting-
supported, six-componeni, strain-gage balance mounted within the model.

The tests were conducted at Mach numbers from 1.90 to 2.86 for angles of
attack to approximately 24°. The Reynolds number ranged from about 3.3 x 106
%o 6.6 x 10§ per meter.

The angles of attack have been corrected for tunnel flow angularity end
'tﬁezdeflection of the model support system due to load. The drag coefficient
has been adjusted to a condition of free-stream static pressure at the model
base. The stagnation dew point was maintained sufficiently low to insure
negligidble aeondensation effects.

Boundat’y layer transition strips composed of cerborundum grains embedded
in a plastic adhesive were affixed to the wing and tail surfaces and the nose.
The strips were 0.15 cm (0.06 in.) wide and consisted of No. U5 grains located
1.02 cm (0.h0 in.) _;-earward of the ving and tail leading edges and 3.05 cm
(1.20 1n.) rear;a:;l of. the blunt nose stagnation point, nteasured parallel to
the model centerling.



PRESENTATION OF RESULTS
The results are presented in the following figures:

Pitch cantrol characteristics, M=1.90 . . . . . . . . ¢ ¢ o s oo« 2

i;.-Pitoh control characteristics, M=2.36 . . . . .. ... ... ... 3
_ Pitch control. characteristics, M=2.86 . . . . .. ... ... ... b
Sumpary of pitch control characteristics for inverted and

cruciform tails, M=2.36 . . . . . . . . e e et s e s e e e
Yaw control characteristics . . . ¢ ¢ ¢ ¢ ¢ 4t 4 i b ¢ e e . e e o e s
Roll control characteri,iics . ¢« ¢ ¢ ¢ ¢ ¢ o« o & e v 4 v e s e s e s

Aerodynamic characteristics in sideslip, M =1.90 . . . . . ¢« ¢« ¢ « &
Aerodynamic characteristics in sideslip, M=2.36 . . . . . . . . . .
Aerodynemic characteristics in sideslip, M=2.86 . . . . . . ... . 10

W o - &8 W

DISCUSSION

The pitch control deflection characteristics for the various conﬁg\n's.tions
., Are pregented, in figlmes 2 to 4 for Mach numbers of 1.90, 2.36, .ad 2.86,
respectively. The effects of the variation in tail-control geometry on the
1ift and drag characteristics are of the expected trends and magnitudes and,
hence, will not be discussed in detail.
The pitching—moment data at M = 2.36, which are indicative of the general
trends ‘for the Mach number range investigated, are summerized in figure S as
a function of angle of attack. This comparison gives an indication of the
differences in linearity and in control effectiveness for the horizontal and
the cruciform controls. The pitching moment characteristics for the configu-
‘ rations incg:i'porat}ng lic;ri zontal pitch controls are gemerally more linear then
- 4Hideé’ Por théfe“rdmwﬁn ‘taild eirice the upper crucfform surfaces, in particuler,
‘afé ‘affected by the wing wake. As would be expected, the cruciform control
configuration (ell panele deflected) provides greater pitch-control effectiveness.
However, for a constant angle of attack with pitch controls deflected, the
horizontal tail control provides higher 1ift and lower drag than does the cruci-
form tail control.



The variation of the yaw control characteristics with angle of attack are
presented in figure 6. These data exhibit the usual decrease in control effec-
‘tiveness with increasing Mach number. As expected, the cruciform configuration
provides more yaw control than the three-fin configurations. The three-fin
configuration with the lower vertical tail shows a substantial increase in
ocontrol effectiveness as angle of attack is increased, whereas the configuration
with the upper vertical tail exhibits a small decrease. These effects reflect
the lynamic pressure changes in the flow fields surrounding the respective
yaw controls.

The effects of angle of attack on the roll curtrol characteristics are
shown in figure 7. The cruciform tail configuration (four fins deflected)
provides approximstely double the rolling moment coefficient produced by the
three-fin configuration (only horizontal fins deflected). The roll control
effectiveness is essentially invariant with angle of attack, It should be
noted that the cruciform configuration induces a considerable positive yawing
moment at the higher angles of attack due tc the interference flow fields.

The aerodynamic characteristics ir sideslip are vresented in figures 8
- to 10 for Mach numbers of 1.90, 2.36, and 2.86, respectively. The magnitude
of the directional stability is generally greatest for the cruciform configu-
ration and poorest for the three-fin, upper-verti.al-tail configuration.
Hovever, at o = 20°, the three-fin, lower-vertical-tail configuration

exhibits directional stability that is slightly great2r than that provided
by the cruciform tail. For the moment center used in data reduction, some

of the results indicate directional instability. However, a forward movement
of the moment center of only one body diameter is more than enough to provide
directional stability for all test conditions for all configurations.

All configurations show a positive effective dihedral (-Cz ) at positive

. ‘ B
‘angle of attack. The dihedral effect is generally the greatest for the upper

single vertical tail arrangement and is the least for the lower single vertical
tail.

CONCLUSIONS

' An investigation has been conducted to determine the aerodynamic character-
isrics, including control effectiveness, of a monoplane delta wing missile model
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with various tail-control configurations at Mach numbers from 1.90 to 2.86.
The conclusions are summarized as follows:

1. The cruciform tail configuration exhibits the greatest pitch-control
effectiveness; however, relatively large norlinear pitching moment charecter-
istics are experienced due to the effects of the sing wake.

2. The cruciform tail controls provide the greatest yaw-control effec-
t.ivenesé. The three-fin configuration with the lower vertical tail shows a
substantial increase in control effectiveness as angle ol attack is increased,
vhereas the configuration with tlie upper vertical tail exhibits a small
decrease.

3. With four fins deflected, the cruvciform tail produces approximately
double the rolling-moment coefficient of the three-fin configuration with
only the horizontal fins deflected. Roll-control effectiveness is essentially
invariant with angle of attack.

4, For a forward movement of the moment reference center of sbout one
body diameter, all configurations would provide adequate directional stability
with the magnitude of the directional stability being greatest for the cruci-
form configuration and least for the three-fin upper-vertical-tail configuration.

Langley Research Center,
National Aeronautics and Space Administration,

Hampton, Va., July 3, 1974.
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(b) Tail control detalls,
Figure 1.-Concluded.
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